We studied the effects of infusion of nerve growth factor (NGF) into the hippocampus and entorhinal cortex of male Wistar rats (250-300 g, N = 11-13 per group) on inhibitory avoidance retention. In order to evaluate the modulation of entorhinal and hippocampal NGF in shortand long-term memory, animals were implanted with cannulae in the CA1 area of the dorsal hippocampus or entorhinal cortex and trained in one-trial step-down inhibitory avoidance (foot shock, 0.4 mA). Retention tests were carried out 1.5 h or 24 h after training to measure short-and long-term memory, respectively. Immediately after training, rats received 5 µl NGF (0.05, 0.5 or 5.0 ng) or saline per side into the CA1 area and entorhinal cortex. The correct position of the cannulae was confirmed by histological analysis. The highest dose of NGF (5.0 ng) into the hippocampus blocked short-term memory (P < 0.05), whereas the doses of 0.5 (P < 0.05) and 5.0 ng (P < 0.01) NGF enhanced long-term memory. NGF administration into the entorhinal cortex improved long-term memory at the dose of 5.0 ng (P < 0.05) and did not alter short-term memory. Taken as a whole, our results suggest a differential modulation by entorhinal and hippocampal NGF of short-and long-term memory. 
Neurotrophins, traditionally viewed as trophic proteins for neuronal survival and differentiation, have recently emerged as a new class of neuromodulators for synaptic transmission and plasticity, particularly in the central nervous system (1) .
Nerve growth factor (NGF) is the prototype member of the neurotrophin family. It is secreted by hippocampal neurons in culture and in slices (2) and, like other neurotrophins, it delivers its message inside the cell via interaction with cell surface receptors (3) . The specific binding of NGF to neurotrophin receptors coupled to tyrosine kinase A leads to dimerization and autophosphorylation of the kinase molecule. The tyrosine-phosphorylate receptor ultimately propagates the NGF signal to the Ras mitogen-activated protein kinase (MAPK) pathway (3) .
Continuous intracerebroventricular NGF infusion enhances retention of passive avoidance learning in developing mice (4) , and a similar infusion of anti-NGF antibody over four weeks impairs water maze performance (5). Bergado and colleagues (6) reported that chronic intracerebroventricular NGF administration to old rats improves long-term potentiation in the dentate gyrus (6) . A similar NGF infusion has a beneficial effect on performance in the Morris water maze after fluid-percussion brain injury, which is accompanied by a sparing of cholinergic septal neurons (7) . Additionally, NGF can be retrogradely transported by cholinergic neurons in the basal forebrain, preventing death of axotomized septal neurons, as well as reversing the atrophy of these neurons observed in aging rats (8) .
Walz et al. (9) reported that infusion of NGF into the CA1 region of hippocampus at doses of 0.5 and 5.0 ng per side at 0 and 120 min after inhibitory avoidance enhanced long-term memory. They also described a significant enhancement of MAPK activity in hippocampal slices after NGF infusion (5.0 ng).
The entorhinal cortex is an essential component of the medial temporal lobe in memory consolidation (10) . The entorhinal cortex exerts a potent influence on the hippocampus because of its extensive monosynaptic projections to this area (11).
Shimode and colleagues (12) demonstrated that continuous intracerebroventricular infusions of NGF ameliorated hippocampal cholinergic deficits and learning impairment following entorhinal cortex lesions.
To address the involvement of the entorhinal cortex and hippocampal NGF in shortand long-term memory formation, we studied the effects of infusion of NGF into the CA1 region of the hippocampus and entorhinal cortex on inhibitory avoidance retention in rats.
The animals were submitted to a single training session (0.4 mA foot shock over a period of 2 s). In order to evaluate short-term memory and long-term memory, test sessions were performed 1, 5 and 24 h after training. Male Wistar rats were implanted bilaterally under thionembutal anesthesia (30 mg/kg, intraperitoneally) with 9.0-mm guide cannulae aimed 1.0 mm above the dorsal CA1 region of the hippocampus and entorhinal cortex. The stereotaxic coordinates used were Paxinos and Watson (13) The effects of NGF infusion into the CA1 region of the hippocampus on short-and long-term memory are shown in Figure 1A and B, respectively. NGF impaired shortterm memory at the dose of 5.0 ng. In contrast, NGF improved long-term memory at all doses studied (0.5 ng, P < 0.05; 5.0 ng, P < 0.01). Data for the various groups were compared by the Mann-Whitney U-test. All groups, except the amnestic ones, showed significant training-test differences (P < 0.01, Wilcoxon test).
Differential role of NGF in short-and long-term memory modulation
The effects of NGF administration into the entorhinal cortex on short-and long-term memory are shown in Figure 2A and B, respectively. No differences in short-term memory were observed among groups. However, NGF infusion enhanced long-term memory at the dose of 5.0 ng (P < 0.05). Data for the various groups were compared by the Mann-Whitney U-test. All groups showed significant training-test differences (P < 0.01, Wilcoxon test).
Our findings demonstrated an improvement in long-term memory in rats that received a single bilateral infusion of NGF (0.5 or 5.0 ng) into the CA1 region of the hippocampus immediately after training. This enhancement in long-term memory agrees with our previous findings (9) in a study that showed a significant activation of MAPK 30 min after NGF infusion into the CA1, which persisted for 180 min.
In previous studies, we have shown that the injection of the MAPK cascade inhibitor into the CA1 impairs long-term memory at 180 min, but not at 0, 90 or 360 min after training (14) . Regarding the contextual fear conditioning paradigm, MAPK activation in the hippocampus is crucial at about 120 min after conditioning (15) . Therefore, the enhancement in long-term memory by NGF infusion immediately after training can be due, at list in part, to an effect on the activation of the Ras-MAPK cascade after inhibitory avoidance training. The lack of effect of 0.5 ng/0.5 µl infusion of NGF on long-term memory also agrees with previous studies (9, 16) . In addition, NGF activates MAPK to stimulate phosphorylation of cAMP response element-binding protein at serine 133 in PC12 cells (17) . In contrast, NGF administration at the dose of 5.0 ng impaired short-term memory. This effect can be related to possible apoptotic activity of NGF and/or its proNGF precursor form. Moreover, it is not known whether proNGF has apoptotic or neurotrophic activity.
The role of the entorhinal cortex in memory formation is well known (10, 11, 14) .
In the present study, we showed that infusion of NGF into the entorhinal cortex enhanced long-term memory only at the higher Recent studies from our laboratory have shown that, for the one-trial inhibitory avoidance task, the short-term memory system operates separately from long-term memory formation in the hippocampus and related brain areas. Thus, several pharmacological treatments block short-term memory while leaving long-term memory intact when administered into the hippocampus, entorhinal cortex, parietal cortex, and prefrontal cortex (18) (19) (20) . In the present study, we demonstrated that NGF modulates short-and longterm memory in a different manner in both the hippocampus and entorhinal cortex.
